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I Abstract -- The Naliorttl Q~eanic and AtmoSp.buic instrummls are particularly useful for operational 

Administration (NOAA) in p~ tnership with otber U.S. applications • .since they operate lhrough clouds and day or 
Government agencies ba.s auamented existing satellite night. reception and processing filcililie~: at the Alaska SAR Facility (ASP) to provide near real-time 1 ccess ro synthetic aperture radar (SAR) data for U.S. i Govc:mmem: operational applications. Access is available :or RADARSAT SAR data acquired by the ASF in Fair~. Alaska, by the Canadian readout stations in Gatines u. Q!Jebec and Prince Albert, Saskal.cllewan, and by the Nor.), egian station in l'roDEo. Qualified user access to dles-! da~ is provided by rhe NOAA Salellii.C Active Arcbive (SA'\). A major user of SAR data in NOAA is tile CoastWatx:h pre gram! This paper will provide an introdu<:tion of tbis near real-ti~ RADARSAT data system and some preliminary resul~:> of ~ ~ use of RADARS AT data for ocean applications. I 

lNTRODUd ION Current remote sensors aboard he U.S. civilian weather satellite system do not prov1de ~~ the ocean measutem:nts required by lhe U.S. operatio1ai an:J research communities. ln order to remedy chis situation in a cost effective manner, NOAA's National Enviro:unent:•l Satellite, Data, and Information Service (~:DIS)' has been developing inreragency and intcrnationa I ait! :elll!.lllS and data access system; to obrain dam and prodilCts from Departmenc of Detense (DoD) ao:i fureigJl ;atel1~ tes. This activity is being coordinated and funded by lb: NOA .A Satellite Ocean Remote Sensing (NSORS) project wid lin Nf :SDIS. 
'· 
I The NOAA CoastWau:h pro1;ram J a;; the ol>jecti ve of making satellite data And in-siru daa ~~m NOAA environmental satellites and buoys available to i Federal, state. and local marine scientists and coastal rcso:ll'Ce ~ fur decision making. The NSORS project has ; the goal of providing not only NOAA $atellite data, bul also~ non-NOAA satellite data, such as RADARSAT SAR cata, ~> qualified users in many participating Governmental <1\ ;~ies and research organizations. SAR insmmems bave very diversified app1ica!i.ons, such as i'--e and coast<~ 1 ocean monitOring. vessel surveillllllCe, cartography and land u ;e, as well as applications in geology, hydrology, agricu11 ~. and forestry. SAR 

I 

NOAA. in partnership wilh ~ U.S. Navy through 1he U.S. National Ice Center (NIC), has been comlnlCting a system which allows oper.uionaJ access ro SAR ima.~ry from the Caaadian Space ~y RADARSAT satdlir.e. Building on existing ground acquisition stations, NOAA and the Navy have co-funded processing. communicatio~t~, data srorage aJXI display system enhancements in order to provide the U.S. Gove1:11lmm. with lhese data in near real-titre. Initially, the major users of this system will be the NIC and NOAA C<>astWatcll; however, other Gover.amem: agencies, SI.Il:h as the Depar€lnent of Agriculture and US. Coast Guard. will also be assessing the opentional utility of SAR imagery. 

Tile goals of the NOAA/Navyoperatioml RAOARSAT data system effoxts are ro: {1) ~lement a near real-~ processing, delivery, and access system for SAR imagery from RAOARSAT fur NIC, NOAA, and other U.S. Government opc:ralional agencies. (2) develop SAR wor~tation software for itmge display and product generation for use in an opa-ational envirollliii:nl, (3) demonstrate and operationally implement practical applications of SAR imagery. and ( 4) e~mem with the dala fusion of SAR, ocean color, and thermal and visible irmgezy [IJ. 

In order to apply SAR data to ocean research and application<>, NOAA is cooperating with ocean and ice scientists of the National AeronaU!ics and Space Administration (NASA) Goddazd Space Flight Center (GSFC). and the .let Pro~sion I..aborau>ry (JPL). Cooperati:ve projects include coastal ocean research, wavelet software development and applications to ocean.~, an;! exploration of algorithm; for sea/lake ice cover mapping, classi1ication, and monitoring. Examples of meso.!lcale feature mapping and traclting ate demonstrated in !his paper using a twodinrmional wavelet technique developed by NASA. The developm:nt of lhe wavelet software [2] is still in the research phase, but the goal is to transfer the technique inro an operational envir~ot. An example of lake ice cover 
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classification and mapping using (~ADARSAT SAR data will also be demonstrated. I 

I 

SYSTEM DESG RIPTION RADA.R.SAT is equipt>e<l ~·iili ail advamed SAR opera\ing at a single microwave frequen<y. C~ band (5.3 Ghz frequency or 5.6 em wavelength). RAD~A T transmits ics microwave energy in horiwnlal oriemac.on a~ d the energy that returns to its s~ns~r is captUred using rJ'ie ~ polarization (HH polanzauon s)'!>'tem). There are ;;even image sizes. termed beam modes, ranging from Fi~ (50x50 Ian coverage) to ScanSAR Wide (500x.500 km d,)verage). with reso.lllrions ranging from 10m to 100m. re.~pej:tively. 
I 
I 

The architecture ana data f.ow J' the operational ne:u- re:Uti!lll RAOARSAT data sys:em is shown in Figure l. Data will be acquired and proce~sed ·
1 
nt.o imagery principally at three acquisition stations: (1)\ Faiibanks, Alaska. (2) Gatineau, Quebec, and (3) T:~omsJ Norway. Som: oth&' data will probably be ~uired at t>f ace Albert. Sastatchewan (proce.,.~d in Garlneau) and al McMurdo in Antarctica (processed in Fairbanks) . .Dna ohi :<ined via the o~boani tape recorder, normally acquired hy Ga\ineau., will be processed in Dnada or sent via courier tc F~ anks fur processing. SA.R imagery then is forwarded el~ :ronically from the dlrce processing cemers to eith(:r thd NOAA Satellite Active Archive or the NIC. 

I 
I Tbe primazy acquisition Slation .ti )f U-S. uaen of near realtime SAR. imagery is the A~F l~;ar.ed at the University of Alaska Pa~rbanks (UAF), spcnsor~ l by NASA, with software and hardware sysrems built by JPL .Data are acquired by the ~SF Receivi11g GrowJd Station I RGS), and processed by etther the Alaska SAR Proce:;sor {) 1.SP). which is a hardware SAR processor. or !be ScanSAA P! ocessor (SSP). which is a software SAR processor runaiog J n three &.node IBM SP-2 co~s. ~ full-s~rem th·ougbj,ur. at ASF is 58 ninutes of Standard Mode and 51 minute~ of~ :anSAR data per day. The images for~ from the pxoces3j>rS are ~ sent to the {nfonmtion Managemmt Sys~ :m/Data Arcbi ve and Dislribur:ion System (IMS/lMDS) /which fonns !be normal user interface. 'Then the .leaf :real-time dat'l are sent autoimtically to ~ Advan.:ed j :.anh Observing Satellite (ADeOS) Data Stnpper wht:re ~ r.a. are tran.mlitted over a de<lic:atcd Tl (1.544 zregabioJsec)\ comrmmi.calion link to the NOAAINESDIS/SAA first and ! 'Jen passed to rhe NIC automatically (boeh ill St it! and'. Ma:ryland). Dau .from Gatineau and Tromso wm anive first ar. ~ NIC and then be pa.~ on to the SAA. There gisre~ :d U$oeiS are notified by e-

' I 

Figure 1. Arcbirecrure and Data Flow of 1he Operational Near ~-Time RADARSAT Data System 

mail when imagery arrives, and is ready for downloading over the lnlanet. ibe data will be on-line in SAA for a week. chen written ro 8 mm tape for longer-renn storage. In Phase II of the SAA SAR system. scheduled for implenrnwion by che end of 1997, ima~ will be stored on near-line robotic tape smrage so lhat users can access them electronically for up to a year. lmagery will be maintained on tape for about three years by the NOAA National Climatic Data Center (NCDC). 

NOAA COASTWATCH APPUCATIONS We have included here two RADARSAT images as eumples. Fig..tte 2, taken on February 26. 1997 along the east coast of Uruguay ar. the mouth of the R.io de la Plata. is a ScanSAR Narrow image wirh 25tn pixel spacing. 'I'be Mexican hat wavelet transform was applied as an edge de~ror ro separate high contraSt boundarie.-;. The possible location of an oil spin is cbaracte:i7.ed by Oar~r areas circled by white Jines in the upper part of tbe ima~. Similax patterns were also found in daytim: A VHRR. ima~ in tbe form of higher skin sea surl'ace te~aturc: (the presence of oil spills needs to be confirmed by ground truth). fu previous srudies, Ullder favorable oceanic and attmsphe.ric conditions. the spilled oil was indicated by higher IR skin temperaiUte than ~ sutrounding water during daytitz[3}, and was revealed as darJ;;er axeas in dle SAR imag#! due to a damping effecr on cbr:: short surface waves [2}. Ths darker appearance is also found in low wind areas. Fun:ber studies of this oil spill case can be found in [5J. Figure 3, ta.ken of western lJUce Superior on :March 16. 1996 is a ScanSAR Narrow image. Using the methodology of supenised. level slicing classi.fication. the :neas of open water, new lake ice. :md snow ice have been identified (4]. 
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F"lgUTe2 R.ADARSAT Sca1S~ Nanow image, lakenon February 26. 1997, showing oil: spills along the coast of Uruguay at the mou1b oflhell1oae: a Plata 
(Copyright CSA, 1997) i 

I 

Currently. within NOAA eolstWarch. lhe following applications of SAR data have bej :n or will he assessed fot operational utility aod l'casi.bj lir:y; (1) sea/J al:c ice applications, (2) fishery en:'orceil ~nt and awlica.tions, (3) ocean mesoscale feature der.ectio '• (4) wind and wave nxasurexrems, and (5) coaslal ha!:anfs. Those CoastWatcb sites participating in SAR sill dies ire: tbe Arcborage Weadlcr Service Forecast Office, the ol eat LUes EnviroiiDE!ItlJ Research Laboratory, and the ~ ational Marine Fisheries Service Laboratories at Narrnga.ns~ tt mi at rhe Stennis Space ~n~. ' 
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Figure 3. RADARSAT ScanSAR Nmow imaF, taken on March 16, 1996, showing open ice, new lake ice. arxJ snow ice in Wesrem Lake Su~ior {Copyrighr CSA. 1996) 
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